Rice husk (RH) is a very effective natural adsorbent for fast removal of heavy metal cations from water solutions. Application of RH for removal of some heavy metal ions, such as Ni, Zn, Mn, Co, Cu, Pb and Cd from water solutions has been studied and different maximum adsorption capacities and a variety of optimized conditions were reported in the literature. In this work, the efficiency of RH harvested from different climatic regions was studied. For this proposal, different RH samples were collected from three different climatic regions of Iran (nominated as RH1 to RH3); their removal efficiencies of heavy metal cations of Ni 2þ , Cu 2þ and Cd 2þ were investigated and compared. The adsorption data at optimum conditions could be assessed well by both Langmuir and Freundlich models. Statistical analysis of the results of adsorption isotherms showed that different RH samples have different efficiencies in uptake of these heavy metal ions. The RH samples were characterized using Fourier transform infrared spectroscopy and Boehm titration, which indicated that amounts of functional groups differed between RHs that are grown in different climatic conditions.
INTRODUCTION
The heavy metals reach tissue through the food chain and accumulate in the human body, hence they can cause serious health disorders. Therefore, it is necessary to treat metal-contaminated wastewater prior to discharge to the environment. Conventional heavy metal clean-up technologies are precipitation, ion exchange, reverse osmosis, ultrafiltration, electrodialysis, etc. . However, some disadvantages of the technologies such as high cost, sensitive operating conditions and production of secondary sludge, limit their application in industries. Alternatively, some low cost by-products such as rice husk (RH), hazelnut shell, almond and walnut shell, coconut shell, and grape bagasse are being paid more attention as a natural sorbent for heavy metal uptake. These materials are economic, available in abundance, eco-friendly due to their natural composition, and demonstrate high efficiency of heavy metal removal from diluted solutions. RH is generated as a residue of rice milling, and has no significant industrial and commercial uses. Several reports on utilization of RH as a natural adsorbent for removal of heavy metals are accessible (Kumar & The different maximum adsorption capacities (q max ) and a variety of optimal conditions have been reported for metal ion uptake by RH some of which are summarized in Table 1 . As seen, different q max values have been reported for metal ion uptake from water solution by RH, and this situation creates the impression that the maximum capacity of metal uptake by RH is affected by the climatic conditions where the plant is grown.
In this project, RH samples from three different climatic regions of Iran were collected. The physicochemical parameters influencing the absorption process of three cations, copper, nickel and cadmium, on any of the RH samples were investigated and optimized. The adsorption data were fitted with Freundlich and Langmuir isotherm equations to find the characteristic parameters. Each experiment was repeated five times. The presence or absence of statistically significant differences between samples of rice was investigated.
METHOD Reagents
Stock solutions of Ni 2þ , Cd 2þ and Cu 2þ (1,000 mg/L) were used from Merck (Darmstadt, Germany). Other working solutions used for optimization and establishing the isotherms were prepared by successive dilution of stock solutions with deionized water. Sodium hydroxide and Nitric acid diluted solutions were used to adjust pH.
Adsorbents RH were collected from Lenjan (center of Iran, margin of Zayanderood river, semi-arid climate with 160 mm average annual rainfall), RH1, Babolsar (north of Iran, temperate and humid climate with 525 mm average annual rainfall), RH2, and Pars Abad (southwest of Iran, temperate and semi-humid climate with 255 mm average annual rainfall), RH3, in 2011. The samples were washed with double distilled water several times to remove surface soluble impurities and then dried at 100 W C for 24 h. Samples were powdered and a 44 to 250 micron particle size was selected and used for further experiment. In order to determine the functional groups responsible for metal binding, RH samples were analyzed using Fourier transform infrared spectrometer FT-IR 4100 (Jasco Corp., Tokyo, Japan) in the range of 400-4,000 cm À1 . The surface functional groups containing oxygen were determined according to Boehm titration too (Boehm ) . The properties of the RH samples are listed in Table 2 . Scanning electron microscopy (SEM) images of the samples were obtained by SEM (Hitachi S4160, Japan), and are shown in Figure 1 (a-c). 
Adsorption procedure
In the present investigation a batch mode operation at room temperature was selected in order to evaluate the adsorption process. The effect of pH (2-7), contact time (5-40 min), and adsorbent dose (1-9 g/L) were studied. In a typical experiment, the initial pH of the ion solution was adjusted by adding HNO 3 or NaOH diluted solution, then 0.15 g of RH was contacted with 30 mL of solution containing 250 mg/L of cation and shaken on a horizontal shaker for 20 min. After each run, the reaction mixture was filtered to remove solid particles and the filtrate was analyzed by an inductively coupled plasma optical emission spectrometer (ICP OES, Varian 710 ES, Victoria, Australia) to determine the amount of residual ion. Each experiment was performed five times and the standard deviation of the experiments was calculated. The amount of adsorption at equilibrium, q e (mg/g), was calculated as follows:
where C 0 and C e are the initial and equilibrium concentrations of desired solution (mg/L), respectively; V is the volume of the solution (L) and W is weight of adsorbent (g).
RESULTS AND DISCUSSION

Sorbent characterization
The FT-IR technique is an important tool to identify some characteristic functional groups, which are capable of adsorbing metal ions. A broad band between 3,000 and 3,700 cm À1 indicated the presence of OH groups on the rice surface.
This stretching is due to both the adsorbed water and silanol groups (Si-OH) on the surface of RH. The stretching of the OH group bond to methyl radicals presented a signal around 2,920 cm À1 . These groups are present on the lignin structure (Pasquali & Herrera ) . Wave number 1,648 cm À1 indicates the presence of carbonyl group stretching from aldehydes and ketones. The band of the C-O group in carboxylic and alcoholic groups was observed from 1,030 to 1,085 cm À1 . All three RH samples showed similar functional groups. Results obtained from Boehm's method are presented in Table 2 . As observed, the content of each functional group is different in the RH samples. In each sample, the ratio of carboxylic, to lactonic or phenolic groups varied and the content of these functional groups reduced in the order of carboxylic> lactonic> phenolic, lactonic> phenolic> carboxylic and phenolic> carboxylic> lactonic, for RH1, RH2 and RH3, respectively. The F-test showed that precession of measurements is equal, hence, S pooled values were calculated and then t exp was obtained and compared with the theoretical t value with eight degrees of freedom and 0.05 p-value of one-way t-table (Winefordner ) . Statistical analysis showed there are significant differences between each sample in respect to functional group content (Table 3 ). The functional group content which was obtained from Boehm's titration at each sorbent surface decreases in the order (mmol/g) RH1 (1.07), RH3 (0.61), RH2 (0.31) for carboxylic group and RH1 (1.91), RH2 (1.21) and RH3 (0.45) for lactonic group. However, around phenolic group RH3 there were more functional groups in comparison to RH2 and RH1, but RH2 and RH1 have the same phenolic group content.
The effect of pH, contact time and sorbent dosage on metal uptake
The pH of the aqueous cation solutions has an important role in the heavy metal adsorption process. Thus the values of pH were varied in the range of 2-7 for initial concentration of metal ions 250 mg/L. As shown in Figure 2 , the removal percentages of Ni 2þ , Cd 2þ , Cu 2þ were affected by initial pH, and strongly increased by increasing pH from 2 to 6 for each rice sample. At pH higher than 6, only slight decreases in Cu 2þ removal were observed and there were no significant changes in adsorption of Ni 2þ or Cd 2þ . All adsorbents had a maximum adsorption at a pH value of 6 because of dissociation of hydroxyl groups on the husk surface, hence, metal ions were strongly adsorbed onto the sorbent by electrostatic interaction. At pH values of 7 and higher, the metal ions precipitate as metal hydroxide. Exposure time is another main factor that affects the removal percentage of cations in the batch adsorption procedure. The effect of contact time was investigated in solutions with 250 mg/L initial metal ion concentration and pH 6 at room temperature (24 ± 1 W C). The results showed the majority of metal ion uptake was achieved in the first 10 min and the sorption tended toward saturation at 20 min for Cu 2þ and at 15 min for Cd 2þ and Ni 2þ on each sorbent (figure not shown). This finding is probably due to the large surface area of sorbent for the adsorption of metal ions. As the surface adsorption sites become exhausted, the uptake rate is controlled by the rate at which the adsorbate is transported from the exterior to the interior sites of the adsorbent particles (Dorrls et al. ) . Therefore, 20 min contact time was considered as an optimum value for more experiment.
The effect of variation of sorbent amount on metal ion uptake was investigated from 1 to 9 g/L in solutions with initial ion concentration, 250 mg/L. Obviously, increasing the amount of adsorbent will increase metal ion uptake because the higher amount of adsorbent provides greater surface area for a fixed initial ion concentration. Experimental results showed (figures not shown) ion concentration in solutions decreased with increasing sorbent amount up to 0.15 g (5 g/L). At higher amount of sorbent, there is no significant increase in metal uptake hence, 5 g/L sorbent dosage was selected as an optimum value for more study.
Adsorption isotherms
The adsorption isotherms of Ni 2þ , Cu 2þ and Cd 2þ in the concentration range 10-500 mg/L onto RH1, RH2 and RH3 were carried out at optimum conditions. Adsorption data of metal ions on RH samples have been analyzed using Langmuir and Freundlich models to evaluate the mechanism details of the adsorption processes.
The Langmuir adsorption isotherm is based on the assumption that all adsorption sites are equivalent and that adsorption in an active site is independent of whether the adjacent site is occupied or not (Alley ):
where C e (mg/L) is the equilibrium metal ion concentration in solution. q max (mg/g) and b (L/mg) are Langmuir equilibrium constants indicating sorption capacity and energy of sorption, respectively (Alley ).
The Freundlich isotherm is based on a heterogeneous surface and is as follows:
where K F and n are Freundlich constants related to adsorption capacity and adsorption intensity, respectively. The linearized form of the Freundlich sorption isotherm is (Alley ):
The correlation coefficients, maximum capacity of sorbent (q max ), energy of adsorption (b) (Langmuir parameters), adsorption capacity (K F ) and adsorption intensity (n) (Freundlich parameters) have been calculated and the results are presented in Table 4 . As seen, different maximum sorption capacities for cations onto each sorbent sample have been obtained. Statistical results are shown in Table 5 . As shown, q max and K F for each cation onto RH samples differ significantly, except Cu 2þ onto RH2 and RH3. In comparing Table 3 and Table 5 , it seems that both carboxylic and phenolic groups are responsible for adsorption of Cu 2þ , so RH2 and RH3 samples which have the same carboxylic to phenolic ratio present the same maximum sorption capacitance in respect to Cu 2þ but RH1 with the highest carboxylic to phenolic ratio shows the highest q max .
CONCLUSION
In this paper, functional groups on RH samples which grow in different climatic regions of Iran were investigated and compared. FT-IR spectra showed the same functional groups exist on each RH sample but with different values. Boehm's titrations confirmed this observation and statistical results showed that differences between samples are significant. As seen in Table 3 , content of functional groups on each RH sample are different, except for phenolic group on RH1 and RH2. RH samples with different amounts of functional groups showed different q max and K F for Ni 2þ , Cu 2þ and Cd 2þ but not for Cu 2þ in the case of RH2 and RH3, which showed the same sorption capacity onto RH2 and RH3; this factor can be explained according to the ratio of carboxylic to phenolic groups. It can be concluded that carboxylic and phenolic groups have an important role in Cu 2þ uptake. The existing data cannot be attracted to similar results for nickel and copper. To determine the functional groups which are responsible for Ni 2þ and Cu 2þ uptake, more studies are needed. Spooled 1,2, Spooled 1,3, Spooled 2,3 have been repeated for each functional group, respectively.
